Similar to the semiconductor sector improving processing power by decreasing device sizes, the information storage sector has been working to decrease device sizes in read/write heads. Chemical mechanical polishing (CMP) is a critical enabling technology for terabyte storage systems and other systems consisting of nanotechnology. A commercial CMP polisher was used, and the experimental material removal rates (MRR) are presented. Since the MRR is a function of the load, relative speed, and film hardness, a nano-indention technique was employed to characterize mechanical properties of the permalloy (NiFe) films. A basic MRR model was developed to compare to the experimental results.
INTRODUCTION
Chemical mechanical polishing (CMP) is a manufacturing process commonly used to control wear and to planarize dielectric and metallic layers on silicon wafers. The wafer is polished by pressing it against a rotating pad that is flooded with chemically reactive abrasive slurry. While this critical enabling semiconductor manufacturing technology has proven successful at producing atomically smooth surfaces, it remains fundamentally misunderstood. Although CMP has been studied extensively for IC manufacturing, much work remains to gain a thorough understanding the role of CMP in data storage and magnetic head manufacturing. The CMP of magnetic heads during wafer-level processing deviates from semiconductor wafer CMP in several key areas. In magnetic head CMP, there is a more heterogeneous surface (Figure 1 ), the AlTiC substrate is thicker and heavier than the silicon wafer, the films have higher aspect ratios, and magnetic head CMP requires longer polish times. Additionally, the slurry used in magnetic head CMP is usually adopted from IC CMP as opposed to being customized. Figure 1 shows different media on the AlTiC substrate. The boundaries with the thicker lines denote an interface that must undergo CMP. Other than the substrate (1.2 mm), the alumina oxide basecoat (2 µm), permalloy (~2 µm), sensor stack (~420 A), and permalloy-2 (2 µm) mediums are very thin. Since the dimensions of the films are ultra-thin, nanoindentation was used to characterize mechanical properties, such as hardness and reduced elastic modulus.
EXPERIMENTAL SETUP
The material removal rate (MRR) during chemical mechanical polishing (CMP) was determined for four samples at different loads. The samples were 75mm glass wafers with ~400 nm thick permalloy coatings. The permalloy coatings were sputtered using a GMR Sputtering System for ~ 3 hours under the conditions of: 100 W RF Power, -60V substrate bias, 3 mTorr pressure, and 16.6 sccm Ar gas flow. The samples were polished separately on a Strausbaugh 6EC CMP Machine for 30 seconds under the control conditions of: 30 rpm table and carrier rotation speeds, and 150 ml/min slurry rate using Cabot Microelectronics MH 814 slurry with 2.5% H 2 O 2 . The loads applied to the samples were varied at 4.45 N, 6.67 N, 8.01 N, and 8.90 N, respectively. The coating thicknesses were measured using a calibrated 4-point probe system. The coating thicknesses were measured at points near the center, midway towards the edge, and near the edge of the wafer. Nano-indentation was performed on an as-sputtered permalloy film on a glass substrate using the Hysitron Triboindenter. The nano-
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indentation was performed using an open-loop load function of 9s per indent. The first 5s was linear loading, the following 2s was maximum loading, and the final 2s consisted of linear unloading. Six indents were performed with maximum loads varying between 1000µN and 2000µN.
THEORY
An appropriate material removal rate (MRR) can be determined using Preston's equation:
While this equation is similar to Archard's wear equation, the coefficient k (known as Preston's coefficient in CMP) takes into account the wear of the tribosurfaces due to the chemical reaction induced by the slurry and the solid/fluid contact. The applied pressure P on the wafer moving with a velocity V relative to the pad wears the permalloy with a hardness H. Table 1 shows the mean and standard deviation of the measured permalloy hardness and reduced modulus. The hardness of about 7GPa is consistent with literature [1] . Table 1 ). However, the Preston equation (1) is semiempirical and does not capture the complex tribological CMP behavior, such as mixed-lubrication.
RESULTS AND DISCUSSION
CONCLUSION
Chemical mechanical polishing is a pivotal enabling step for processing thin film magnetic head materials. It was found that permalloy exhibits traditional MRR behavior, relative to wellknown semiconductor CMP. Since material removal of ultra-thin films occurs from shearing and abrasion, nano-characterization tests are conducted to determine the mechanical properties.
